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SOME PROPERTIES OF THE WATER IN COAL. 


By Horace C. Porter anp O. C. Ratston. 


INTRODUCTION. 


In its investigations to ascertain how coal may be utilized with 
greater efficiency, the Bureau of Mines has analyzed many thousands 
of samples of coal from different coal fields and has studied the be- 
havior of coal under the varied conditions which attend its use. In 
connection with the analysis of coal, its destructive distillation, its 
alteration during storage, and other phases of its industrial utiliza- 
tion, the question of its water content is of interest and importance. 
This paper deals with the manner in which water may be held in coal, 
and how its properties and those of the coal are affected by the con- 
dition in which it is held. Water formed in the decomposition of the 
coal substance by heat is not considered in this paper. 


THE CONDITION OF WATER IN COAL. 


Coal, like many other substances of vegetable origin, contains 
water in the ordinary condition, which may give the coal a moist 
appearance, and also water that is frequently but erroneously called 
‘“‘water of combination,” this water being concealed, as in hydrated 
salts, by the dry appearance of the material. The condition in which 
the so-called ‘‘water of combination”’ in coal exists is problematical; 
in the true chemical sense the water is probably not ‘‘combined,’”’ 
that is, united with another substance in definite proportions, as 
determined by its relative molecular weight and the number of 
molecules. ; 

There is no sharp line of demarcation; the ‘‘free’’ water can not be 
separated with exactness from the ‘‘combined’’ water by chemical 
analysis. Under all ordinary drying conditions there is a tendency 
for more than the ‘‘free’’ water to leave the coal. But the ‘‘com- 
bined”’ or, better, the ‘‘inherent”’ water is distinctly different from 
the ‘‘free’’ water in its properties, as it has a subnormal vapor pres- 
sure and an energy change is involved in its combination with, or 
separation from, the coal substance. In other words, the inherent 
water is held more tenaciously and can not be entirely removed by 
drying the coal in ordinary air containmg moisture. 

The behavior of coal with respect to moisture resembles so strongly 
that of many substances known to be colloidal that there can be no 
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6 SOME PROPERTIES OF THE WATER IN COAL. 


doubt of the colloidal nature of part of the coal substance. In truth, 
it would be surprising if coal were not in part composed of colloidal 
material, for the vegetable remains from which coal has been formed 
must have been in part colloidal, a fact recognized by geologists. 


SOME PRACTICAL EFFECTS OF THE PROPERTIES OF WATER IN 
COAL. 


Different kinds of coal contain, in the ‘‘air-dried’”’ condition, 
widely different percentages of water. In other words, in order to 
produce a given aqueous vapor tension the different coals require 
different contents of so-called ‘‘combined’’ or inherent water. 

As ordinarily found in the market, coal, when superficially dry, con- 
tains water; an Appalachian coal in this condition contains possibly 
2 per cent of water, a middle-western or western bituminous coal, 6 
to 10 per cent, and a subbituminous coal, 14 to 18 per cent. Even 
finely crushed or powdered coal does not become dry in ordinary air 
and requires an artificially and thorpughly dried atmosphere to 
remove all of its content of water. 


ALTERATION OF WEIGHT BY EXPOSURE. 


Humidity conditions may appreciably alter the weight of exposed 
coal, independently of the actual fall of rain or snow. In other words, 
coal is frequently hygroscopic. After being transferred, for example 
from storage in an atmosphere of 40 per cent humidity to one of 75 
per cent humidity, a western bituminous coal may gain 3 per cent 
and a subbituminous 7 per cent in weight by absorption of moisture. 


DRYING OF COAL IN THE MINE. 


The ventilating current in a coal mine, during the cooler months 
of the year, introduces an atmosphere which has at the temperature 
of the mine a relative humidity of 30 to 50 per cent, provided that 
the air is not humidified at the intake. This air exerts a drying effect 
on the coal in the mine. If superficial or extraneous water is absent, 
as is normally the case in a coal bed, the drying effect is upon the 
inherent water of the coal substance, but as the vapor pressure of 
this water is below normal, only a small part of it is dried out. The 
drying is very slow when the difference in the aqueous vapor pressure 
of the coal and that of the air current is small. 


HYGROSCOPICITY OF DRY COAL. 


Powdered coal when thoroughly dried is very hygroscepic and some 
coals are much more so than others. When exposed to an atmosphere 
of 50 per cent humidity dry bituminous coal from the Pittsburgh bed 
will absorb about 2 per cent of water, middle-western bituminous coal 
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about 6 per cent, and western subbituminous about 14 per cent. 
The degreee of hygroscopicity of these coals varies accordingly. 

The practical effects mentioned depend essentially upon the relation 
between the vapor pressure of the moisture in the coal and that of the 
moisture in the surrounding atmosphere, and upon the peculiar fact 
that in different coals a given percentage of water exerts very differ- 
ent vapor pressures. 

An experimental demonstration of this variation in vapor pressures 
is described herein, together with the results of determinations of the 
heat generated by different coals on being wetted; the connection of 
these phenomena and certain others with the condition of the water 
in coal is shown. 


FREE SUPERFICIAL WATER IN COAL. 


Attention may be called first to the matter of the mechanical 
draining of water from coal, and the different amounts of free super- 
ficial water retained according to conditions. 

In wet coal the water in excess of a certain percentage, which 
depends on the kind of coal, is mechanically held in the free state, 
its vapor pressure and other properties being, for all practical pur- 
poses, normal. This excess moisture may be termed superficial or 
accidental moisture. All water in the coal above approximately 3 
per cent in the Appalachian coals, 12 per cent in the middle-western, 
and 22 per cent in the subbituminous coals may be so classed, although 
this line of demarcation is more or less variable even among coals of 
the same kind. 

The percentage of superficial water retained by coal that has been 
wetted and the water drained off is greatly affected by the size of the 
coal. In screenings or slack, which contains pieces of many different 
sizes, the particles pack closely together and form small interstices 
which retain water by capillarity. Screened lump, on the other hand, 
or run-of-mine with a large proportion of lump, has much larger inter- 
stices and relatively less surface to be wet, and therefore retains less 


water. 
RESULTS OF DRAINING TESTS WITH COAL. 


The results in Table 1 show that screenings consisting of all sizes 
through a 4-inch mesh screen retain two to seven times as much 
water as sized coal ranging from one-fourth inch to 1 inch in diameter, 
which is a large “ buckwheat” or “pea”’ size. 

About 2 pounds of each sample was crushed, screened, thoroughly 
mixed, and divided in two equal parts. One part was taken for 
immediate analysis, and the other part was soaked in water for 3 days. 
The water was then allowed to drain out by gravity for 19 hours, 
the coal being held on a 30-mesh screen in a Jayer about 6 inches deep. 
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The samples were then transferred entire to pans in which they were 
weighed and air-dried. The results in the third column in the 
table, headed “ Water retained after air-drying in laboratory,” refer 
to the percentage of residual water retained after preliminary drying 
in a current of air at 30° to 35° C. 


TaBLeE 1.—Proportion of water retained by different coals and different sizes of coal after 


draining. 
Normal Wate re 
Se water con- | tained in 
me tent ofcoal| tent in coal after 
Kind of coal. alter sonk- | Co™Mmer- | ‘‘air-dry- 
‘ ing and cially ing” in 
draining dry’ laboratory 
‘ coal. at35°C. 
Bituminous coal from New River, W. Va.: Percent. | Percent. Per cent. 
Scretvnings 6,056.0. case cendssecsss 22.27 2. 52 1.03 
Sized “buckwheat’?d 3.17 35 1.00 
Bituminous coal from Pittsburgh bed, Pa.: 
Screenings 4. ............0.- 18. 73 2.68 1.15 
Sized “buckwheat” 6 2. 62 2.73 1.25 
Bituminous coal from Iinois (M 
Screenings @.......... woes ot ee. 28. 60 6.54 3. 32 
Sized “buckwheat”? 6 a 16, 71 6. 63 3.40 
Subbituminous coal from Wyoming (Big Horn County 
Screeninke it case. ctcasdccseastcsvegdsecaeaatpeces secauseabwept 32, 58 14.24 6.38 
Sized? buckwheat... .3.8eses setastas scabies cpetecese@sccecce 18. 70 13. 79 6.65 
a Through }-inch mesh screen. + From } inch to 1 inch in ciameter. 


DESCRIPTION OF COALS. 


New River, W. Va.—This sample was taken from a barrel containing about 300 
pounds of run-of-mine coal from the Sun mine in Fayette County, that had stood 
exposed to the air, under shelter, for 5 years. 

Pittsburgh, Pa.—Sample of coal from the Pittsburzh bed, recently mined at Ter- 
minie, in Westmoreland County. 

Tilinois.—Sample of rmn-of-mine coal from Superior No. 1 mine at Gillespie, in 
Macoupin County, that had been exposed, under shelter, to the air for 11 months. 

Wyoming.—Sample of run-of-mine coal, subbituminous in character, from mine of 
Continental Coal Co. at Kirby, in Big Horn County, that had stood in a barrel exposed 
to the air for 4 or 5 months. 


INHERENT WATER HELD IN A STATE OTHER THAN THAT OF 
MECHANICAL MIXTURE. 


There is no ready means of separating sharply the superficial and 
the inherent water of coal. Unless the air is saturated the super- 
ficial water can all be removed by air drying, the rate of evaporation 
depending on the temperature, the humidity of the air, and the 
fineness of the coal. But at the same time part of the inherent 
water leaves the coal and continues to do so as long as its vapor 
pressure is higher than that of the air. In an atmosphere of very 
low aqueous tension—one which is dried, for example, by sulphuric 
acid or phosphorus pentoxide—renewed frequently, all of the inherent 
water that exerts a vapor pressure greater than that of the drying 
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agent, in other words, essentially all of the water, is in time removed 
from the coal. The process is very slow in its last stages, equilibrium 
possibly being fully attained only after very long periods. 

By the expression ‘inherent water” in coal or in any material 
therefore is meant the water which exists as such but which has a 
vapor pressure less than the normal. 


METHODS OF SEPARATION AND ANALYSIS. 


The superficial and the inherent water together may thus be 
determined by drying over an efficient desiccant, if proper precautions 
are taken and sufficient time allowed. The process is hastened but 
not made more thorough by carrying it on in a vacuum. The tem- 
perature required for practically complete drying in a reasonable 
time depends on the nature of the material—that is, on the vapor 
pressure which a small but appreciable amount of water in the 
material exerts. The analytical method in common use for deter- 
mination of moisture in coal consists in drying 1 gram of the 
powdered and previously air-dried coal in a current of dry air for 1 
hour at 105° C. This method determines the inherent water not 
removed by air drying. It involves slight errors due to oxidation 
and possibly also, in subbituminous coals and lignites, to decompo- 
sition. Also a more serious error results in determinations on these 
coals when the atmosphere is not thoroughly dry, as quite an appre- 
ciable percentage of inherent water remains in the coal at very low 
vapor pressure and leaves the coal, in the last stages of drying, very 
slowly. It was noted, for example, that Wyoming subbituminous 
coal at 20° C. in an atmosphere of 0.8 mm. aqueous tension retained 
2.7 per cent water after 10 days’ drying at ordinary temperature. 

When a number of coal samples of high water content are being 
dried together in the same space, as is frequent practice in a laboratory 
drying oven, the aqueous tension of the atmosphere surrounding 
the samples in the oven may become sufficiently high to cause serious 
error on this account.* 


CHOICE OF DESICCANTS; INADEQUACY OF CALCIUM CHLORIDE. 


In connection with the choice of methods of drying coal and the 
desiccating material to be used, it is important to bear in mind that 
the completeness of drying depends on the relation of the aqueous 
vapor pressure in the coal to that in the atmosphere surrounding it. 
As long as a greater vapor pressure is exerted by the moisture in the 
coal than exists in the atmosphere, water will pass from the coal to 


@ Foranalytical methods used by the bureau see Stanton, F. M., and Fieldner, A.C., Methods of analyzing 
coal and coke: Technical Paper 8,Bureau of Mines, 1913, 42 pp.; also Feldner, A. C., Notes on the sampling 
and analysis of coal: Technical Paper 76, Bureau of Mines, 1914, 59 pp. 
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the atmosphere. Sulphuric acid, containing less than 5 per cent 
water (specific gravity, 1.84), and phosphorus pentoxide reduce the 
aqueous vapor pressure of the surrounding atmosphere at 25° C. 
to less than 0.01 mm. of mercury, and are therefore excellent desiccat- 
ing agents. Calcium chloride, on the other hand, according to 
Dibbits,* in the presence of its di-hydrate (CaCl,.2H,O) exerts an 
aqueous tension at 24° C. of 2.17 mm. As with this aqueous pres- 
sure at 24° C. some kinds of coal may contain as much as 5 per cent 
water, it is evident that calcium chloride leaves a considerable amount 
of water in some coals at ordinary temperatures. By heating the 
coal the vapor pressure of its water content is much increased, and 
the coal can thus be more thoroughly dried, but only to the point of 
equilibrium with the vapor pressure of the calcium chloride or other 
drying agent used. 


EXPERIMENTS ON DETERMINING THE VAPOR PRESSURE OF THE 
INHERENT WATER. 


By keeping samples of different coals over mixtures of sulphuric 
acid and water of various known vapor pressures so as to bring them 
as nearly as practicable into moisture equilibrium, there have been 
determined the aqueous vapor pressures corresponding to different 
percentages of water in the coal. The results, which are given in 
Table 2 and figure 1, show that for any given pressure the four types 
of coal examined contained widely different percentages of water; or, 
conversely, equal percentages of water in the various coals had very 
different vapor pressures. For example, a content of about 3 per 
cent of water seemed in New River (W. Va.) coal to have the normal 
vapor pressure of water, in coal from the Pittsburgh bed to have 
a vapor pressure of about 83 per cent of the normal, in Illinois coal 
about 18 per cent, and in Wyoming subbituminous coal about 4 per 
cent of the normal. The remarkably low aqueous vapor pressure of 
subbituminous (Wyoming) coal containing water is of importance 
in choosing drying agents, as has been mentioned in a preceding 
paragraph. It can readily be foreseen that, with an equal content of 
water, these different coals would behave very differently in an 
atmosphere of given humidity, with respect to giving up or taking 
up moisture. 

METHOD OF DETERMINATION. 


The method used in the experiments consisted in bringing the coal 
as nearly as possible into moisture-vapor equilibrium with diluted 
sulphuric acid of known aqueous vapor pressure. The specific 
gravity of the sulphuric acid and water mixture was measured by 


@ Dibbits, H. C., Einige Versuche tiber das Siittigen der Luft mit Wasserdampf und fiber das Trocknen 
derselben: Ztsehr. anal. Chem., Jahrg. 15, 1876, p. 159. 
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weighing and its vapor pressure established from the determined 
specific gravity by reference to Regnault’s values.* 

The coal samples were pulverized and sized between 80-mesh and 
100-mesh screens. They were contained in weighing bottles having 
well-fitting glass stoppers, and these bottles were permitted to stand 
with the stoppers removed in desiccators over the sulphuric-acid 
mixture, the air being exhausted from the vessel until the pressure 
was less than 5 mm. above the aqueous tension. 
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Ficure 1.—Vapor pressures exerted by different contents of water in different coals. Numbers are Pitts- 
burgh laboratory numbers. 


The samples in most of the tests stood in the desiccators for 10 days 
between weighings, the temperature being that of the room, 20° to 
25° C. The four coals investigated were all placed in the same 
desiccator and weighed at the same intervals. The final weight 
after drying the sample over sulphuric acid of increasing strength 
up to the pure acid (1.84 specific gravity) was used as the basis of 
calculation. From this dry condition the coals were progressively 
hydrated and dehydrated, the water content being computed from 
the weight of the sample when a condition of equilibrium had been 
reached. 


a Landolt, H., and Bornstein, R., Physikalisch-chemische Tabellen, 1912, pp. 265-266. 
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ESSENTIAL DATA ON COAL SAMPLES USED IN TESTS. 


Essential data on the coal samples used in the determinations of 
vapor pressure, the results of which are given in Tables 2, 3, and 4, 
are given below. The data also include descriptions of the coal 
samples used in the tests to determine the thermal effect of wetting 
dry coal, given in Tables 5 to 7. 


Wyoming (Lab. No. 43).—Subbituminous lump (one-half inch) from No. 2 mine at 
Dietz, Sheridan County, Wyo.; kept in stoppered glass bottle for 4 years. 

Illinois (Lab. No. 48).—Bituminous lump (one-half inch) from Dering No. 11 mine, 
at West Frankfort, Franklin County, Ill.; kept in stoppered glass bottle for 5 years. 

Pittsburgh (Lab. No. 395).—Bituminous coal from the Pittsburgh bed in the Schoen- 
berger mine at Baird, Washington County, Pa.; kept in closed can for 3 years. 

Pittsburgh (Lab. No. 650).—Bituminous coal from the Pittsburgh bed in the Key- 
stone shaft mine, at Madison, Westmoreland County, Pa.; kept in closed can for 1 
year. 

New River (Lab. No. 601).—Semibituminous lump from the Sewell bed in the 
Sun mine, at Sun, Fayette County, W. Va.; sample submerged under water 4 years. 

Anthracite (Lab. No. 663).—Anthracite lump from Lykens No. 5 bed at Brookside, 
Schuylkill County, Pa.; kept 6 months in stoppered bottle. 

Lignite (Lab. No. 14).—Brown lignite from Williston, Williams County, N. Dak., 
United States Reclamation Service mine; kept in closed vessel 6 years. 

Peat (Lab. No. 27).—Air-dried peat blocks from Orlando, Fla., kept 54 years in 
closed vessel. 

RESULTS OF THE TESTS. 


The results of the tests to determine the vapor pressure of water 
in coals are given in Tables 2, 3, and 4. Table 2 shows the results of 
a series of tests on a subbituminous coal from Wyoming, a bituminous 
coal from Illinois, and coal from the Pittsburgh bed in Pennsylvania. 
Table 3 shows the results of another series of tests on the three coals 
used in the tests given in Table 2, a coal from New River, Va., a sam- 
ple of infusorial earth, and a sample of fine sand. Table 4 is a sum- 
mary of the data in the two preceding tables. 
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TasLe 2.—Results of preliminary tests of aqueous vapor pressures of coals with different 
contents of water. 


[Tests were made on Wyoming, Illinois, and Pittsburgh coals.] 


Illinois coal (Lab. Pittsburgh coal (Lab. 
No. 48). No. 395). 


p bie Lact Specific gravity, ——— 
of schphurie held Parts of Weight Parts of Weigh Parts of 
atm: used water per of coal water per of coa! water per 
over coal, : 100 parts under- 100 parts under- 100 ts 
at 20° C, of dry going of dry going of 
coal. test. coal. test. coal. 
1 8 
Mm, of 
mercury. * Grams. F 
a eo. See : i f 
1,.0308 WB lssccesesse ssfeseteassssce 
17,86 1.0292 11.44 oi 
~ 1.0219 10.36 2.48 
14, 68 | 1.168,...........- 1.0189 10.32 2:55 
9.52 2.15 
p UR. gp & | 1 Be 0.43 215 
. 8.52 1.99 
10.83 | 1.287............- 8.25 2.02 
7.25 1.86 
8.49 | 1.340............. 718 184 
5.79 | 1.415.............10 8757 | (10. 82 J... refs eee ew eee ee Le 
BOG. istiscewsactsleonpesuncaad 1.38 
B.78 | LAT cscesscs en: 9.00 1:38 
400 loaded gisstrelececccascans 83 
yO Be ees 4.72 “86 
B76 [os scencsesselSacvaneccess 65 
-85 | 1.650...........-- 3.76 “67 
VTE lac peadouseslesseesscyeas 28 
ee i iD Mey ¢ See eee 139 "39 
Oe) eee 6 Pore —.02 
Ors pte see nee ences 130 —!04 
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TABLE 4.—Summary of results of tests to determine aqueous vapor pressure of water in 
coals.@ 


Water in coal, grams per 100 crams of dry coal. 
Aqueous = 
tes vapor pres- - iv 
Condition of sample. ante Cot Wyoming | Minois | Pittsburgh Nes iy er, 
20°C.) | (Lab. No. | (Lab. No. | (Lab. No. (Lai Ni 
43). 48). 395). “601). 2 
Mm. of | 
mercury. 
Coal rehydrated from the dry condition... . 0.15 0.73 f 0.25 
.82 1.46 AD 34 
1.73 2.06 ‘ 4 
3.40 3.24 1.: -65 
6.32 4.12 1.5 88 
10. 83 6.35 2s 1.30 
14.48 9, 68 ze 2.01 
17.36 11.76 4.75 3.19 
14.45 10,15 3 2.34 
10.83 9.04 y 1.68 
6.32 5.41 1.13 
3.40 4.62 97 
1.73 3.84 7 
$2 3.13 -57 


@ See Tables 2 and 3 for detailed results. 
DISCUSSION OF THE RESULTS. 


The results of the experiments show an apparent discrepancy 
between the vapor pressure of samples prepared by hydrating and 
those of samples prepared by ‘‘dehydrating”; it seems that for a 
given water content the vapor pressure depends to some extent on 
whether the coal is brought to this water content from a lower or a 
higher content. This variation is partly and perhaps largely due to 
the very slow rate at which the moisture exchange takes place when 
the vapor pressure of the moisture in the coal and the vapor pressure 
of the atmosphere are near equilibrium, making it probable that in 
the experiments complete equilibrium was not attained. The true 
moisture content for any given vapor pressure, although probably 
somewhat different in samples prepared in different ways, lies, there- 
fore within a smaller range than was indicated by the experiments 
herein described. A possible explanation of the apparent hysteresis 
in the curves in figure 1, which show the relation of moisture to vapor 
pressure, will be alluded to in considering the thermal effect of wet- 
ting dry coal. 

An experiment with infusorial earth which is composed largely of 
silica in a very fine state of division showed that infusorial earth has 
an effect similar to that of coal in lowering the normal vapor pressure 
of the water which it absorbs. The lowering effect appears to be 
somewhat less marked than that of the Illinois type of coal but 
greater than that caused by the Pittsburgh type (see fig. 1). 


THE THERMAL EFFECT OF THE WETTING OF COAL. 


Heat is produced by wetting dry coal or a partly dried coal con- 
taining less than its normal percentage of inherent water. The rela- 
tive quantity of heat generated depends on the kind of coal and its 
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relative deficiency in inherent water as referred to its maximum nor- 
mal content. In other words, the thermal effect of wetting varies 
directly as some function of the relative vapor-pressure deficiency in 


the coal. 
METHOD OF DETERMINATIONS. 


Experiments were made to determine the thermal effect of wetting 
dry and partly dried coal. The method consisted in mixing the dried 
or partly dried sample of coal 
with relatively the smallest 
amount of water compatible 
with efficient stirring and 
accurate reading of the tem- 
perature. The calorimeter 
(fig. 2) consisted of a nickel 
cup, c, of about 70 ¢. c. ca- 
pacity, resting on a cork, e, 
near the bottom of a Dewar 
vacuum-jacketed tube, d, 36 
cm. long and 8 em. in diame- 
ter. This tube was in turn 
surrounded by a large glass 
vessel for protection from air 
currents, and both of the 
larger vessels were provided 
with fiber-board covers, f. 
The stirrer a@ was a small 
metal vane attached to a 
glass rod rotated by a motor 
from the diskh. The ther- 
mometer g was a calibrated 
Beckman graduated in divi- 
sions of 0.01 degree each. 

The coal sample was re- 
duced to 60-mesh size and 
dried as desired in a vacuum 
desiccator over sulphuric 
acid. Just before the exper- FIGURE 2.—Apparatus used to determine the heat generated 
; 2 by coal on being wetted. 
iment the sample was di- 
vided into two parts, one for determination of moisture and the 
other for the test. The latter part was introduced into a small 
bulb, 6, of thin glass, and the bulb quickly evacuated to a pressure 
of about 20 mm. of mercury, and sealed. The bulb was then 
submerged in the water of the calorimeter vessel by means of a wire 
spring between the walls of the crucible, and after a number of tem- 
perature readings, to establish the rate of change by radiation, the 
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bulb was broken to wet the coal. This procedure was found to be 
necessary in order to thoroughly wet the coal. Temperature read- 
ings were continued until a regular rate of cooling was established, 
and the radiation correction was then applied in the usual manner. 


DETERMINATION OF HEAT CAPACITY OF APPARATUS. 


The heat capacity (water equivalent) of the apparatus was deter- 
mined by generating in it a known quantity of heat in a measured 
amount of water by the neutralization of sodium hydrate and hydro- 
chloric acid. Half-normal solutions of each of these reagents were 
taken and Thomsen’s® value of the heat of neutralization (13,740 
calories per gram-molecule) was used. The data of two determina- 
tions were as follows: 


Resvutts oF Two DETERMINATIONS OF WATER EQUIVALENT OF APPARATUS. 


Test 1.—14.0 c. c. N/2 HCl added to 14.0c. c. N/2 NaOH gave 28.3 grams N/4 NaCl, 
and a rise in temperature of 2.73° C. 

Specific heat of N/4 NaCl solution=0.962. 

Number of calories used in heating liquid, 28.3 0.962 X2.73=74.2 calories, 

Theoretical quantity of heat of neutralization, 13,740 Xx 1/2000 x 14=96.3 calories 

Quantity of heat transmitted to apparatus, 96.3—74.2=22.1 calorics. 

Water equivalent of apparatus, sa 8.10 grams. 


Water equivalent of apparatus, without glass bulb, 8.10 —(1.642 x 0.1927)=7.79 grams. 

Test 2.—15.0 c. c. N/2 HCl mixed with 15.0 c. c. N/2 NaOH gave 30.3 grams N/4 
NaCl and a rise in temperature of 2.78° C. 

Number of calories used in heating liquids, 30.30.9622.78=81.0. 

Theoretical quantity of heat of neutralization, 13,740 1/2000 X 15.0=103.1 calories, 

Quantity of heat transmitted to apparatus, 103.1—81.0=23.1 calories. 

Water equivalent of apparatus, without glass bulb, es — (1.650 0.1927)=7.64 grams. 

Water equivalent of apparatus, without glass bulb, average of tests 1 and 2=7.71 
grams. 

The weight of water used in each determination on the coals was 
generally 35 grams. 


DETERMINATION OF MOISTURE CONTENT OF COAL. 


The moisture content of the coal as tested was determined by 
heating a weighed sample for one hour at 110° C. in a glass tube 
surrounded by an electric heater, the tube being connected to a ves- 
sel containing phosphorus pentoxide and evacuated by a mercury 
pump to about 1 mm. The coal was contained in a glass boat 
which, for weighing, was quickly transferred from the heater to a 
glass-stoppered weighing tube. 


RESULTS OF TESTS. 


The results of calorimetric determinations of the heat of wetting 
for different coals and for various percentages of water content are 
shown in Table 5 and figure 3. Subbituminous coal from Wyoming 


@ Thomsen, Julius, Thermochemische Untersuchungen, Bd. 1, 1882, p. 150. 
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that had been dried, produced by complete wetting 19.2 calories of 
heat per gram of dry coal; brown lignite from North Dakota gen- 
erated 25.5 calories; bituminous coal from Franklin County, IIL, 
evolved 6.8 calories, and bituminous coal from the Pittsburgh bed in 
Pennsylvania produced 1 calorie per gram. On the basis of the 
known specific heats of these coals,* if the values of the saturated 
coals are taken, and it is assumed that no heat is lost to the contain- 
ing vessel, or to excess water, or by radiation, the heat developed 
would raise the temperature of the different coals 43, 64, 20, and 4° 
C., respectively. 
The results of the tests are shown in Tables 5 to 7, following: 


TaBLeE 5.—Results of determinations of soshitge effect of wetting dried and partly dried 
coals, 


SUBBITUMINOUS COAL (LAB. NO. 43) FROM WYOMING. 


Heat 
Water in | Weight of | Capacity 
Experiment No. coalas | coal taken spon < 
tested. for test. 
coal and 
apparatus, 
1 2 3 4 
Grams. +0: 
9. 789 51.08 3.71 189.2 19.35 
7.227 40.27 3.42 138.0 19. 08 
5.014 44.49 2.14 95.3 19.01 
4.524 44.33 2. 22 98.6 21.79 
5. 399 44.59 2.24 99.7 18. 59 
4. 996 44.45 2.28 101.5 20. 44 
4. 865 44.77 1.97 rs 88.3 18. 28 
4.915 44.45 2.14 95.2 19. 50 
4.716 44.36 1.64 72.8 15.55 
4.710 44.40 1.67 74.3 15. 89 
4.631 44.41 1.64 73.1 15. 89 
5.981 44.75 2.71 121.1 20. 60 
5. 532 44.67 2.59 115.7 ¢21. 23 
4. 524 44.36 1.44 63.8 14.50 
4.309 44.29 1.37 60.7 14.49 
5. 226 44.61 1.29 57.6 11. 41 
4. 232 44.30 1.07 47.6 11.60 
5. 890 44.82 1.38 62.0 10. 92 
6.079 44, 90 1.43 64.0 10. 85 
5. 857 44. 84 1.37 61.4 11.00 
6.459 44.99 1.52 68.6 11. 16 
6. 168 45. 02 1.16 52.4 8.99 
5. 205 44.63 91 40.4 8. 22 
5. 843 44.97 1.10 49.3 8. 90 
6. 838 45. 37 1.15 52.2 8.08 
6. 270 44.94 1.17 52.7 8. 89 
6. 246 45.00 - 96 43. 2 TAT 
6. 898 45. 20 1.04 46.9 7.36 
4.947 44, 53 . 54 24.0 5.28 
5. 386 44. 69 -60 26.6 5.39 
5. 503 44.75 72 32.1 6.34 
6. 687 40. 48 09 3.6 d.63 
7.022 45. 57 -10 4.6 @.74 
7.231 45, 66 wll 5.0 d.79 
6. 608 45.19 36 16.3 2.74 
7.144 45. 34 40 18.2 2. 89 
6.357 45.13 19 8.5 154 
4.850 44. 60 16 7.3 1.82 
4.915 44.63 17 7.5 1.84 
6.037 45.11 04 1.7 36 
5. 641 45.00 03 1.4 31 
4. 965 44.72 04 1.6 -4l 
6. 865 45. 64 07 3.1 57 
8. 742 45. 56 06 2.9 43 


a Porter, H. C., and Taylor, G. B., The specific heat of coal: Jour. Ind. Eng. Chem., vol. 5, 1913, p. 289. 
> Sample prepared by rehydrating a dried sample. 

¢ Results unaccountably high in relation to others. 

@ Results unaccountably low in relation to others. 
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TABLE 5.—Resulls of determinations of thermal effects of wetting dried and partly dried 
coals—Continued. 


BITUMINOUS COAL (LAB. NO. 48) FROM ILLINOIS. 


Heat Heat generated. 
it 
Water in | Weight of | (Ais or | , Rise of 
Experiment No. coalas | coal taken water) a tempera- Calories 
tested, for test. coal and ture. Total r of 
calories, |P¢r Sram 
apparatus dry fs 
1 2 | 3 4 5 6 7 
Per cent, Grams, °c. 
9.776 46.05 1.45 66.5 6.81 
0 9. 635 46. 03 1.43 65.9 6.84 
0 4.444 44 4 27.3 6.17 
0 4. 064 44.14 “ 26.0 6.41 
0. 56 4.903 44.40 - 60 26.7 5.48 
- 56 5. 492 44.58 - 67 29.5 5.40 
56 4.954 44.41 68 30. 2 6.13 
1.21 4.454 44. 27 41 18. 2 4.13 
1.21 5. 466 44.5 . 27.8 5.14 
1.44 6. 020 44.75 -61 27.1 4.57 
1.44 5.395 44. 60 . 26.4 4.96 
2. 50 6. 780 45.01 41 18.6 2.82 
2. 50 5.135 44. 54 31 13.8 2.76 
2. 50 5. 938 44,82 37 16.4 2. 83 
4.41 4. 691 44.37 19 8.4 1. 88 
4.41 5. 620 44, 64 23 10. 2 1.90 
4.41 5. 680. 44. 69 23 10.5 1.94 
6.62 6.345 45.01 10 4.6 78 
6.62 5.562 44.71 ll 4.9 -95 
7.55 6. 284 40.07 08 3.2 56 
7.55 6.110 40. 02 +05 2.0 34 
7.55 5.330 44.77 04 1.7 -36 
9.5. 6.960 45.40 -O1 6 -10 
9.53 9.090 46.19 02 a) ll 
BITUMINOUS COAL (LAB. NO. 650) FROM PITTSBURGH BED, PA. 
1.03 
35 1.02 
F - 96 
5 1.00 
2 .57 
83 
88 
77 
-62 
68 
31 
-32 
12 
-13 
-28 
-38 


Bor retaicdadigiec epeseamessaet 0 7.285 50.39 4.03 201.6 27.67 
aA. 0 4.065 44.18 2.38 105. 2 25. 88 
80. 0 4.508 44.35 2.54 112.9 25.00 
81. 0 4.302 44.31 2.48 109. 9 25. 56 
78. 0.74 4.542 44.38 2.62 116.4 25. 82 
79. 74 4.611 44.41 2.71 120.3 26. 21 
76. 1.51 6.078 44. 84 2.62 117.4 19.58 
77. 1.51 4.300 44,27 1.86 82.1 19.38 
35. 2221 4,892 44.48 2.29 101.9 21.27 
36. 2,21 4.696 44.38 2.25 99.6 21.67 
133. 5.60 7.186 45.32 1.95 88.2 13.00 
134. 5.60 6.441 45.09 1.80 81.0 13.32 
55. 9.39 5.782 44.86 1.04 46.7 8.91 
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TABLE 5.—Results of determinations of thermal effect of wetting dried and partly dried 
coals—Continued. 


BROWN LIGNITE (LAB. No. 14) FROM NORTH DAKOTA—Continued. 


Heat 
ae Water in | Weight of capacity | Rise of 
Experiment No. coal as coa! en water) in tempera- 
tested. for test. coal and ture. 
1 2 5 

. Per cent. °C. 
EST. sires ¥z.nn devs tute detsee sas 9.51 7.136 45.41 1 65.0 
NGS res jet satee sents pees eos 3%, 9.51 6. 069 45.00 1 51.3 
ddoass haves pasa h sa seEsaeeesa 10. 06 5,342 44.71 18.3 
NOD picnic Je inlele disc twraie's date wen’ 14,37 6.619 45. 26 24.1 
bt eres eee er rete 14.37 8.712 46.00 33.9 
Bi sacinugetsoaciebstiac asus elon | 21,25 6.123 45. 26 2.6 
SS .s 3s tees ststctog feleteigedee 21. 25 7.235 45.71 3.1 
MDS oss s xe sete osijas stRee sig se 22.05 6. 249 45.20 2.1 


PEAT (LAB. NO. 27) FROM FLORIDA. 


0 4.454 44.35 1.90 84.3 18.90 
0 2.390 43.63 1.00 43.7 18,25 
0.61 4.380 44.42 1.65 73.2 16.71 
61 3.726 44.11 1.40 61.8 16.60 
69 3.815 44.13 1.43 63.2 16. 66 
+69 2.831 43.86 1.10 48.5 . 17.2 
2.43 2.492 43.74 +81 35.4 14.54 
2.43 4.226 44.27 1.06 46.9 11.34 
5.50 4.720 44.56 1.20 53.7 12.02 
7.12 4.085 44.31 +52 23.1 6.09 
7.12 4.647 44.62 57 25.6 5.92 
8.00 4.352 44.44 +70 31.1 7.75 
8.00 3. 646 44.25 -57 25.2 7.59 
10.18 3.815 44.29 30 13.2 3.4 
10.18 3.451 44.13 +23 10.9 3. 51 
11.00 3.639 44.23 +32 14.2 4.40 
17.65 4.300 44.58 +05 2.2 -60 
17.65 3.611 44,24 -4 1.6 i 


OTHER DETERMINATIONS. 


¢ Result unaccountably low in relation to others. 

6 Infusorial earth, dried in vacuum over sulphuric acid. 

e End point not sharp; total heat effect therefore indefinite; experiment continued 15 minutes. 
@ Blank on empty glass bulb. 


TABLE 6.—Resullts of tests to determine thermal effect of saturating coals with dry toluene. 


Heat Heat generated. 


Lab. No, | Water in | Weight of capacity 


Experiment No. coal as | coal taken er ter) in 


ofcoal. | tested. | for test. | Water) in 
apparatus, 
1 2 8 4 5 


LOL sa cecveviewsece (@) 0 2, 284 20. 04 
> Seer 663 0 8. 763 21.90 
VODs co sisan vee ssa 650 0 7.755 21. 52 
OT kiss cdcos es seeps 48 0 21.39 
OG. v5. een cusnes 43 0 4.079 21.02 
| Vs Gere es peat 27 0 


@ Infusorial earth. dry. 
6 End point indefinite; experiment continued 15 minutes. 
¢ End point indefinite; experiment continued 20 minutes. 
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TABLE 7.—Summary of determinations of thermal effect of wetting dry coal.4 


Heat developed by complete yey with water, calories per gram of 
y coal, 


Percentage of water in coal as 
tested, Subehe Bituml- Bitumi- 
¢ ' nous (Lab, | nous (Lab, 


ae. 0 | No. 48). No. 650), 


Anthracite| TLignite Peat 
(Lab, No. | (Lab. No. | (Lab. No. 
663). 14), 27). 


1 2 3 


Oiccceassgaasceveare snes es 19. 81 6.56 . \. . 
LO. ececesiencseesocense gees 19, 51 5.67 ad OA ocieesnccas|psasabaut andl ascand towns s 
es 4 MOS SO foo 55 5 iiascies|penzedeasstelen te of 


aSee Table 5 for details of experimental results. 
DISCUSSION OF RESULTS OF TESTS. 


The results in Table 7 on Wyoming coal (Lab. No. 43) and the 
curves ¢ and d in figure 3 show that uniformly lower results are 
obtained from a coal sample prepared by hydrating than from a 
sample prepared by dehydrating. The water content in two samples 
may be shown by analysis to be the same, but the one prepared by 
partly dehydrating fresh coal seemingly contains more material 
capable of producing heat on being moistened than does the sample 
made by adding water to a thoroughly dry coal. The reason for 
this variation is not entirely clear. It may be that the minute 
inner pores, after complete dehydration, do not fill as readily with 
water as do the larger pores emptied by partial dehydration. It is 
possible, also, that the dry coal substance, when remoistened, holds 
part of the water in such manner that the water has practically no 
vapor pressure and is not determinable by analysis. This would 
account for the fact that such a sample of coal, although showing 
by analysis a smaller water content, may give the same heat effect 
on wetting as a sample prepared from fresh coal by dehydrating. 

A similar variation was found between two samples of the same 
coal in the vapor-pressure determinations (see p. 14). Although 
the explanation given for variation in heat effect may also in a 
small measure apply to the variation in vapor pressure, it is likely, 
as before mentioned, that one reason for the discrepancy in the 
vapor pressures is the extremely slow rate at which vapor-pressure 
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equilibrium is established by the method used, and to the fact that 
probably not enough time was allowed for this in the experiments. 

A sample of infusorial earth dried over sulphuric acid produced 
on being thoroughly wetted about 2 calories per gram of dry earth. 

Parks? showed that freshly precipitated silica, after being highly 
heated in a vacuum, developed 11.4 calories per gram on being 
wetted. Rodewald and Kattein,? in a study of the specific heat of 
wheat starch as affected by its degree of hydration, showed that 
this material after being thoroughly dried produced on being wetted 
28.8 calories per gram. 


EXOTHERMIC ACTION OF TOLUENE. 


Liquids other than water produce heat when mixed with finely 
divided solids. Pure dry toluene when mixed with dry powdered 
coal produced from 0.5 to 5 calories of heat per gram of dry coal, 
depending on the kind of coal and the method used in preparing it. 
With coal from the Pittsburgh bed and from New River, W. Va., 
toluene showed more heat-producing effect than water. With 
Illinois and Wyoming coals the reverse was true. The exothermic 
action was slow and had a very indefinite end point. With infusorial 
earth toluene produced 3.8 calories per gram. 


EFFECT OF FINENESS OF COAL. 


It was found that with Wyoming subbituminous coal no difference 
in the thermal effect was caused by varying the fineness of division 
of the coal from “20 to 40 mesh”’ to ‘under 200 mesh.” 

The bearing of these facts on the probable explanation of the con- 
dition of the water in coal is considered in subsequent paragraphs. 


THE RELATIVE SPECIFIC HEATS OF DRIED AND UNDRIED COAL. 


The specific heat of the water in coal, calculated according to 
Kopp’s law, from the determined specific heats of dried and undried 
coal, is considerably less than the normal specific heat of free liquid 
water. Determinations of these values have been reported pre- 
viously by Porter and Taylor. 

Unfortunately the specific-heat determinations made with dry coal 
were subject to a considerable error by the method used, namely, 
that of mixing the heated coal with a liquid of known specific heat. 
In determinations with dry coal the use of water was, of course, 
avoided, owing to its known thermal effect, and dry toluene was sub- 


@ Parks,G.J., On the heat evolved or absorbed when a liquid is brought in contact with a finely divided 
solid: Philos. Mag., vol. 4, ser. 6, 1902, p. 240. 

> Rodewald, H., and Kattein, A., Die spezifische Wiirme der Weizenstiirke als Function ihres Was- 
sergehalts und der Temperatur: Ztschr. phys. Chem., Bd. 33, 1900, p. 540; Rodewald, H., Uber Quel- 
lungs- und Benetzungserscheinungen: Ztschr. phys. Chem., Bd. 33, p. 593. 

¢ Porter, H. C., and Taylor, G. B., The specific heat of coal: Jour. Ind. Eng. Chem., vol. 5, 1913, p. 289. 


Google 


SOME PROPERTIES OF THE WATER IN COAL. 25 


stituted, as its calorific action on the coal appeared to be small and 
very slow. The error was, however, appreciable, and only an ap- 
proximate correction could be made for it, because of the slow and 
variable rate of heat development. The values given in Table 8 
are to be regarded as having an accuracy of not greater than 3 per 
cent, and they serve merely as an indication of the fact that the in- 
herent water of coal has a molecular heat lower than the normal. 


TABLE 8.—Specvjic heats of dried and undried coals, and of certain other substances for 


comparison, 
; Specific 
" Specific é 
Kind of sample. Water heat of heat of 
content. substance water 
? “| content. 
Bituminous coal (Lab. No. 48) from Illinois: Percent. 
PAGTIOM Ss sa sstavsssysseeseds es sscaesess 8.4 a 0.334 0.85 
DEY sia cia a's Beas pa Sa sry SS STA Be Halese ds FSA NRTA SH ein Ob oS Se DARE 0 WERT Ws westengassa 
Subbituminous coal (Lab. No. 575) from Wyoming: 
ATO os none cesctisssecccagaesstaegeeees biisiascbaceev ade sets se 11.0 a .350 84 
DEV2. 32 cap ssewenees oyects~etIes ae coea skecets deers saa sae rer @. 289 [sccccasscese 
CHS OG BHsOv 2 So Acso deincele wd cp itesins oss peoateaamoen sess 36.1 269 48 
CuSO4 (anhydrous) ..2% 2005 220520. dagess cceestacacessascavess aa 0 TIGL! [ssaweVew kes 
BaCly 2HsQ0 ca cdctpoeaessaaudangigeseta case's qcewiaand oer ae ase 14.7 151 -51 
BACs (ANNSUTOUS) << cos clwerseccesigbsas entail seese lade voe are 0 9090) Jasseccececees 
MASOe@ GMO. 5 o.eiecs caasacscacas sete eanesOeseerade meee’ ar 37.4 «407 a” io 
MnSO 4 (AANVArOWs) ca ce'oss esse cceasse seas eh oe case see sb Tene ait 0 5182: Wo cdaadewanda 
Wheat starch @............-.. 22.6 
Do., air-dried 15.6 
Do.. 8.6 
DG aA tata cone sseece tates sags ta kaise esas as aseansapeines 0 


a Results obtained by Porter and Taylor at 28 to 63° C,, corrected for errors due to generation of heat by 
wetting. See Porter, H. C., and Taylor, G. B., The specific heat of coal: Jour, Ind. Eng. Chem., vol. 5, 
1913, p. 289. 

b Schottky, H., Studien zur Thermodynamik der kristallwasserhaltigen Salze: Ztschr. phys. Chem., 
Bd. 64, 1908, p. 415. 

¢ Kopp, H., Investigations of the specific heat of bodies: Phil. Trans. London, vol. 155, 1865, p. 71. 

d Rodewald, H., and Kattein, A., Die spezifische Wiirme der Weizenstiirke als Function ihres Wasser- 
gehalts und der Temperatur: Ztschr. phys. Chem., Bd, 33, 1900, p. 540. Results were determined by use 
of the ice calorimeter and samples prepared by standing over sulphuric acid; values calculated by Rode- 
wald and Kattein's formula to the temperature range of 0° to 60° C, 


THE PROBABLE STATE OF THE INHERENT WATER IN COAL. 


Several hypotheses as to the state of the water in coal may be 
considered. 

The observed phenomena of the lowering of the vapor pressure 
and specific heat of the water in the coal, and the development of 
heat by wetting dried coal, are in conformity one with another, and 
are to be explained as phenomena exhibited ‘by colloidal material 
and not as being caused by chemical combination of the water and 


coal. 
THE COLLOIDAL THEORY. 


The conception of a “‘hydrogel”’ or ‘‘colloidal gel’? may be applied 
to coal or to some part of the coal substance as it is to many organic 
substances when coagulated from a solution or suspension in water. 
Just what the term signifies, however, with respect to the exact con- 
dition of the water content is not evident from its general use or 
from the known properties of colloidal substances. Miiller, in his 
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book? on ‘‘ Allgemeine Chemie der Kolloide”’ quotes the work of Van 
Bemmelen ® on hydrogels of silicic and ferric oxides, and concludes: 

The water in colloids is not combined chemically in definite proportions, but 
rather as an “‘absorption compound” whose composition varies continuously with 
temperature, vapor pressure, and the molecular structure of the colloid itself. The 
liquid which the colloidal tissue (gewebe) incloses can be only partially pressed out, 
and it vaporizes continuously as the vapor pressure is lowered, the dehydrating 
(entwiisserung) following a characteristic curve or isotherm. 


There is some ground for supposing that part of the substance of 
coal may, at one stage in its formation, have been deposited as a 
colloidal gel from suspension in water. Whether this supposition be 
true or not, it is commonly agreed that coal has been formed by the 
degradation of vegetal matter that is in part, at least, colloidal in 
character. White and Thiessen ¢ state— 

The fact is almost universally accepted that beds of coal represent accumulations of 
vegetal matter in varying stages of preservation. Most geologists now agree that 
coal is transformed peat. * * * The process (formation of peat) must take place 
beneath a water cover. * * * Green plants are the only ones capable of inde- 
pendent existence and therefore the only ones that can make any considerable con- 
tributions to peat deposits. * * * Cellulose forms the basis of a great part of 
peat substance. 


Miller, in the work ¢ previously cited, says of colloids: 


As colloids also we must regard certain solid or semisolid mixtures of liquids with 
solid materials * * * certain organic, generally swelling substances, such as 
cellulose, glutin, elastin, ete. * * * Colloids. especially the hydrogels and the 
organized constituents of animal and plant material, exhibit toward liquids a pecu- 
liar power of absorption * * * designated * * * as swelling (quellung). 

It is therefore likely that a part of the coal substance, relatively 
larger in the Cretaceous coals and lignites than in the older or more 
highly metamorphosed bituminous coals, may retain some of the 
properties of a colloidal gel. These colloidal properties are mani- 
fested in coal by the retention of water in the peculiar state which 
the writers have termed ‘‘inherent water.’’ An explanation of the 
exact state of the water would involve a discussion of the theories 
of colloid chemistry or physics. It will suffice here to say that a 
peculiar physical condition, possibly a densification, is brought about 
in the interfacial layer between the solid and liquid phases, tending 
to lower the normal vapor pressure of the liquid, to increase its 
latent heat of vaporization, and to liberate a heat of ‘‘condensation” 
or a heat of formation when the liquid enters into this condition. 


2 Miiller, A., Allgemeine Chemie der Kolloide: Handb. angew. phys. Chemie, Bd. 8, 1907, p. 129. 

+ Van Bemmelen, J. M., Das Absorptionsyermégen der Ackererde und der Kieselsiiure: Ber. deut. chem. 
Gesell., Jahrg. 11, 1878, p. 2232; Die chemische Zusammensetzung einiger Oxydhydrate: Ber. deut. chem. 
Gesell., Jahrg. 13, 1880, p. 1466; Die Absorption: Die Isotherme des kolloidalen Eisenoxyds bei 15°: Ztsehr. 
anorg. Chem., Bd. 20, 1899, p. 185. 

¢ White, David, and Thiessen, R., The origin of coal: Bull. 38, Bureau of Mines, 1913, pp. 1, 2, 167. 

4 Miller, A., Op. cit, pp. 1, 98. 
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This conception does not imply a molecular aggregate of definite 
proportions, and therein it differs from the conception of a hydrate 
or a chemical compound. 

Theories involving the conception of ‘‘solid solution” of a liquid 
in a solid and of adsorption or densification of the liquid on the walls 
of microscopic capillary openings or pores have been proposed and 
studies have been made of hydration phenomena in connection with 
starch, gelatin, wood fiber, and various inorganic colloids in ths light 
of these theories.* . 


RELATION OF THEORY TO QBSERVED RESULTS. 


The facts observed in the study of water in coal are, in the main, 
readily explained by the colloid hypothesis. As previously brought 
out, the lowering of the aqueous vapor pressure observed in coal is 
normal to the colloidal condition of water, and the heat generated 
by wetting the coal is in all probability the transformed energy that 
results when the liquid assumes this colloidal state of densification or 
association. 

The fact that the size of the coal, or its fineness of division, makes 
little difference in the “heat of wetting,” is probably to be explained 
by assuming that each particle of the dried coal acts as a sponge, or a 
tissue permeated with microscopic pores. Water is drawn into the 
pores of the larger pieces with nearly the same facility as it is into 
those of very small particles. 

Liquids other than water are capable of forming this molecular 
association with coal and with other solids. Saturation with toluene, 
for example, produces as much heat in finely divided silica, or the 
older coals, such as those of the Appalachian region, as wetting with 
water does. Adding toluene does not, however, produce as much 
heat as does wetting in coals of more recent origin, such as the Creta- 
ceous coals of the Western States, which probably contain more 
colloidal material. 

This fact suggests that the heat may be produced by two processes: 
(1) The mere penetration of the liquid into minute capillaries, and 
(2) the formation of a colloidal condition, possibly more readily 
entered into by water than by other liquids, 

The, fact that the specific heat of water is lower in the state it 
assumes in the coal substance suggests a different molecular condi- 
tion, probably an association of the molecules. 

« Lewis, W.C.M., On the nature of the transition layer between two adjacent phases: Philos. Mag., 
vol. 20, ser. 6, 1910, p. 502; Rodewald, H., Thermodynamik der Quellung mit spezieller Anwendung auf 
die Stiirke und deren Molekulargewichtsbestimmung: Ztschr. phys. Chem., Bd. 24, 1897, p. 193; Tscher- 


mak, G., Uber das Verhalten yon Hydraten und Hydrogelen in trockener Luft: Monatsh. fiir Chem., 
Bd. 33, 1912, pp. 1087-1164. 
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GENERAL SUMMARY. 


Part of the water in coal is held more tenaciously than free water 
by forces due to colloidal conditions, which, in a practical way, are 
manifested in the following features: (1) The impossibility of drying 
coal completely in an atmosphere not absolutely dry; (2) the ex- 
tremely hygroscopic character of dry coal; (3) large changes in the 
moisture content and therefore in the weight of some kinds of coal 
by changes in the humidity of the atmosphere; (4) a more rapid 
“drying out of moisture from the mature Appalachian coals than from 
the younger, more hygroscopic coals of the Middle West and West, 
as, for example, from coal dust in a mine with a ventilating current 
of partial humidity. 

These factors depend on the fact that part of the water in coal has 
a vapor pressure below normal and that the degree of deficiency in 
this respect varies widely among different coals. 

The development of heat by wetting coal is dependent on the same 
explanation as that of the lowering of vapor pressure—namely, the 
densified condition of the water in the colloidal state—and conse- 
quently will vary similarly to the lowering of vapor pressure in 
different coals. 

The free extraneous water adhering to broken coal may vary 
between very wide limits as affected by the fineness of division and 
the kind of coal. 
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A limited supply of the following publications of the Bureau of 
Mines is temporarily available for free distribution. Requests for all 
publications can not be granted, and applicants should limit their 
selecting to publications that may be of especial interest to them. 
Requests for publications should be addressed to the Director 
Bureau of Mines, Washington, D. C. 
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